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^TflBL a) Blacklined Claims 



101. A transistor in a semiconductor device, comprising: 

source/drain diffusion regions formed on a semiconductive region of a substrate; and 
a transistor gate formed on the semiconductive region between the source/drain 
diffusion regions, the transistor gate extending in a vertical orientation from the substrate, 
the transistor gate comprising at least two overlying layers of epitaxially grown silicon, each 
epitaxial layer having insulated sidewalls, and an uppermost layer having an insulated top 
surface. 

1 02. The transistor of Claim 101, wherein the source/drain diffusion regions are elevated 
and extend in a vertical orientation from the substrate surface adjacent to the transistor gate. 

1 03. The transistor of Claim 1 02, wherein each of the source/drain diffusion regions 
comprise at least two overlying layers of epitaxially grown silicon, each epitaxial layer 
having insulated sidewalls, and an uppermost layer having an insulated top surface. 

1 04. The transistor of Claim 1 03, wherein the source/drain diffusion regions comprise an 
uppermost epitaxial layer comprising a conductivity enhancing dopant. 

105. The transistor of Claim 103, wherein each of the epitaxial layers of the source/drain 
diffusion regions comprise a conductivity enhancing dopant. 

1 06. The transistor of Claim 101, wherein each epitaxial layer comprises a faceted top 



1 07. The transistor of Claim 101, wherein each epitaxial layer has a thickness of about 50 
to about 200 nm. 

1 08. The transistor of Claim 101, wherein the transistor is isolated within the substrate by 
at least one dielectric isolation region formed in the substrate adjacent thereto. 



surface. 



MKE/778064.1 

Division of USSN 09/816,962 

Inventors: Ping et al. 

Claims as amended (07-2002) 



Blacklined Claims 



1 09. The method of Claim 1 08, wherein the at least one dielectric isolation region is a 
shallow trench isolation region comprising an oxide. 

110. A transistor in a semiconductor device, comprising: 

a transistor gate formed on a semiconductive region of a substrate; and 
elevated source/drain diffusion regions formed on the semiconductive region 

adjacent to the transistor gate, and extending in a vertical plane from the substrate; 

each of the source/drain diffusion regions covered by a layer of insulative material 

and comprising at least two overlying layers of epitaxially grown silicon. 

111. The transistor of Claim 1 1 0, wherein the source/drain diffusion regions comprise an 
uppermost epitaxial layer comprising a conductivity enhancing dopant. 

112. The transistor of Claim 1 1 0, wherein at least one of the epitaxial layers of the 
source/drain diffusion regions comprise a conductivity enhancing dopant. 

113. The transistor of Claim 112, wherein at least one of the epitaxial layers comprises a 
concentration gradient of the dopant. 

114. The transistor of Claim 1 1 0, wherein the epitaxial layers comprise a faceted top 
surface. 

115. The transistor of Claim 1 1 0, wherein each epitaxial layer has a thickness of about 50 
to about 200 nm. 

1 1 6. The transistor of Claim 1 1 0, wherein the transistor gate is covered by a layer of 
insulative material and comprises at least two overlying layers of epitaxially grown silicon. 
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117. A transistor in a semiconductor device, comprising: 
a substrate having a buried drain region; 

a gate overlying the buried drain region, the gate comprising multiple, vertically- 
oriented and overlying epitaxial layers and a top surface, each epitaxial layer having 
insulated sidewalls; 

a source region overlying the top surface of the gate, the source region comprising an 
epitaxial layer doped with a conductivity enhancing dopant, and covered by a layer of 
insulative material. 

1 1 8. The transistor of Claim 1 1 7, wherein each of the epitaxial layers of the gate is about 
50 to about 200 nm thick. 

1 1 9. The transistor of Claim 117, wherein the epitaxial layer of the source region is at 
least about 10 nm thick. 

1 20. The transistor of Claim 1 1 7, wherein the epitaxial layers have a faceted top surface. 

121. The transistor of Claim 1 1 7, wherein the buried drain compri ses an n-type 
conductivity enhancing dopant an n-type selected from the group consisting of phosphine, 
arsine, and combinations thereof. 

1 22. The transistor of Claim 1 1 7, wherein the buried drain region is about 50 nm to about 
100 nm wide. 

123. A transistor in a semiconductor device, comprising: 

a transistor gate disposed on a semiconductive region of a substrate; and 
an elevated source/drain diffusion region disposed on the substrate adjacent to the 
transistor gate in a vertical orientation from the substrate; the source/drain diffusion region 
comprising at least two overlying layers of epitaxially grown silicon; each epitaxial layer 
having a top surface, and sidewalls with an overlying layer of an insulative material, and the 
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uppermost epitaxial layer having a top surface with an overlying layer of an insulative 
material. 

124. The transistor of Claim 123, wherein at least one of the epitaxial layers of the 
source/drain diffusion region comprises a conductivity enhancing dopant. 

125. The transistor of Claim 124, wherein the uppermost epitaxial layer of the 
source/drain diffusion region comprises a conductivity enhancing dopant. 

126. The transistor of Claim 124, wherein at least one of the epitaxial layers comprises a 
concentration gradient of the dopant. 

127. The transistor of Claim 124, wherein the conductivity enhancing dopant comprises a 
p-type dopant. 

128. The transistor of Claim 124, wherein the conductivity enhancing dopant comprises 
an n-type dopant. 

129. f amended) A semiconductor structure, comprising: 

comprising at least two overlying layers of epitaxially grown silicon, each epitaxial 
layer having insulated sidewalls, and an uppermost epitaxial layer having an insulated top 
surface; the structure disposed on a substrate in a vertical orientation. 

1 30. The semiconductor structure of Claim 129, wherein each epitaxial layer comprises a 
top surface defining a facet. 

131. The semiconductor structure of Claim 1 30, wherein the facet has a ( 1 00) plane 
orientation. 
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132. The semiconductor structure of Claim 129, wherein each epitaxial layer has a 
thickness of up to about 200 nm. 

133. The semiconductor structure of Claim 132, wherein each epitaxial layer has a 
thickness of about 50 to about 200 nm. 

134. The semiconductor structure of Claim 132, wherein one or more epitaxial layers has 
a thickness of about 70 to about 100 nm. 

135. The semiconductor structure of Claim 132, wherein each epitaxial layer has a 
thickness of at least about 10 nm to about 30 nm. 

136. The semiconductor structure of Claim 129, being disposed adjacent to a gate or word 
line. 

137. The semiconductor structure of Claim 129, being disposed adjacent to a source/drain 
region. 

138. The semiconductor structure of Claim 137, being a transistor gate. 

139. The semiconductor structure of Claim 138, wherein the transistor gate is isolated 
within the substrate by at least one dielectric isolation region disposed in the substrate 
adjacent thereto. 

140. The semiconductor structure of Claim 129, being a source/drain diffusion region. 

141 . The semiconductor structure of Claim 140, wherein the uppermost epitaxial layer 
comprises a conductivity enhancing dopant. 
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142. The semiconductor structure of Claim 140, wherein each of the epitaxial layers 
comprises a conductivity enhancing dopant. 

1 43 . A semiconductor structure, comprising: 

at least two overlying layers of epitaxially grown silicon, each epitaxial layer having 
a top surface, and sidewalls with an overlying layer of an insulative material, an uppermost 
epitaxial layer having a top surface with an overlying layer of an insulative material; and 
the structure disposed on a substrate in a vertical orientation. 

144. The semiconductor structure of Claim 143, wherein the insulative layer comprises an 
oxide film, a nitride film, an oxidized nitride film, or a composite oxide/nitride film. 

145. The semiconductor structure of Claim 144, wherein the insulative layer comprises a 
silicon nitride film. 

146. The semiconductor structure of Claim 145, wherein the silicon nitride film has a 
thickness of about 5 to about 20 nm. 

147. The semiconductor structure of Claim 144, wherein the insulative layer comprises a 
silicon oxide film. 

148. The semiconductor structure of Claim 147, wherein the silicon oxide film has a 
thickness of about 2 to about 5 nm. 

149. A semiconductor structure, comprising: 

at least two overlying layers of epitaxially grown silicon, each epitaxial layer having 
a top surface, and sidewalls with an overlying layer of an insulative material; an uppermost 
epitaxial layer having a top surface with an overlying layer of an insulative material; one or 
more of the epitaxial layers comprising a conductivity enhancing dopant; and the structure 
disposed on a substrate in a vertical orientation. 

6 

MKE/778064.1 

Division of USSN 09/816,962 

Inventors: Ping et al. 

Claims as amended (07-2002) 



Blacklined Claims 

1 50. The semiconductor structure of Claim 149, wherein the conductivity enhancing 
dopant comprises a p-type dopant. 

151. f amended) The semiconductor structure of Claims 150, wherein the p-type dopant is 
selected from the group consisting of diborane, boron trichloride, and boron trifluoride, and 
combinations thereof. 

152. ( amended) The semiconductor structure of Claims 149, wherein the conductivity 
enhancing dopant comprises an n-type dopant. 

153. ( amended) The semiconductor structure of Claims 152, wherein the n-type dopant is 
selected from the group consisting of phosphine, arsine, and combinations thereof. 

154. (amended) The semiconductor structure of Claims 149, wherein one or more of the 
epitaxial layers comprises a concentration gradient of the dopant within the epitaxial layer. 

155. ( amended) The semiconductor structure of Claims 154, wherein the concentration 
gradient comprises a low to high concentration of the dopant within the epitaxial layer, with 
the high dopant concentration at the top surface of the layer. 

1 56. (new) The semiconductor st ructure of C laim 129. being a component of a transistor. 

157. (ne w) The semiconductor structure of C laim 156. being a transistor pate. 

158. (new) The semiconductor structure of Claim 156. being a source/d rain diffusion region. 

159. (new ) The semiconductor structure of Claim 158. wherein at least one of the epitaxial 
layers of t he source/d rain diffusio n re gions c om prises a c onductivity enhancing dopant. 
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160. (new) The semiconductor str ucture of Cla im 159. wherein at least one of the epitaxial 
layers of the source/drain diffusion regions comprises a concentration gradient of a 
conductivity enhan cing do pant. 

161 . (new) The semiconductor structure of Claim 1 57. wherein the transistor gate is 
dis posed over a drai n re gion d isposed in the substrate. 

162. (new) The semiconductor structure of Claim 161. the drain region is about 50 nm to 
about 10 0 nm wide, 

163. fnew) The semiconductor structure of Claim 161. wherein the uppermost epitaxial layer 
of the tran sistor gate structure comprises a source reg ion doped with a conductivity 
enhancing dopant. 

164. (new) The semiconductor structure of Claim 163. wherein the uppermost epitaxial layer 
is at least about 10 nm thick. 

165. (new) The semiconductor structure of Claim 156. wherein the transistor is isolated 
within the substrate bv at least o ne dielectri c isolation r egion formed in the substrate 
adjacent thereto. 

166. (new) The semiconductor structure of Claim 165. wherein the at least one dielectric 
isolation r egion is a shallow trench isolation region comprising an oxide. 

167. (new) The semiconductor structure of Claim 143. bein g a com ponent of a transistor. 

168. (new) The semiconductor structure of Claim 167. b eing a transistor gate. 

169. (new) The semico nductor structure of Cl aim 167. bein g a source/drain diffusion region. 
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1 70. (new) T he semiconductor structure of Claim 149. being a component of a transistor. 

171. (new) The semico nductor structure of Claim 170, bei ng a transistor gate. 

172. (new) The semico nductor structure of Cl aim 170. bei n g a source/drain diffusion region. 

173. (new) A semiconductor struc ture, comprising: 

at least two overlying layers of epitaxiallv grown silicon, each epitaxial layer having 
insulated sid ewalls. an d an up permost epitaxial laver having an insulated top surface: the 
structure di sposed on a substrate i n a vertica l orientation : the structure being a component of 
a transistor. 

174. (new) T he semiconductor structure of Claim 173. being a transistor gate. 

175. (new) The semiconductor structure of Claim 173. being a source/drain diffusion region. 

176. (new) A semic onductor structure, comprising: 

at least two o verlving lay ers of epitaxiallv grown silicon, each epitaxial laver having 
a to p surface, and side walls with an overlyin g layer of an insulative materia l, an uppermost 
e pitaxial lav er having a to p surface with an ove rlving laver o f an insulative material: the 
structure di s posed on a substrate i n a vertica l orientation: the struct ure being a component of 
a transistor. 

177. (new) The semic onductor structure of Claim 176, being a tran sistor gate. 

178. (new) The semicond uctor struc ture of Claim 176. being a source/drain diffusion region. 

179. (new) A semiconductor st ructure, comprising: 

at least two overlving layers of epitaxiallv growns ilicon. each epitaxial laver having 
a top surfa ce, and sidewalls with an overlving laver of an insulative material: an uppermost 
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epitaxial laver having a top surface with an overlving laver of an insulative material; one or 
more of the epitaxial l ayers compr ising a conductivity enhancing dopant: the structure 
disposed o n a substrate in a vertical orientation; and the struct ure being a componenLofa 
transistor. 

180. (new) The semiconductor str ucture of Claim 179. bei ng a transistor gate. 

181. (new! The semicond uctor structure of Claim 179. being a source/drain diffusion region. 

182. (new) A semiconductor device, comprising: 

a structure com prising at least two overlying layers of epitaxiallv grown silicon, each 
epitaxial l aver having insulated sidewalls. and an up permost epit axial layer having an 
insulated top surface: the structure disposed on a substrate in a vertical orientation. 

183. (new) The semiconductor d evice of Cla im 182. comprising a transistor. 

184. (new) The semiconductor device of Claim 183. wherein the structure comprises a 
transistor gate. 

1 85. (new) The semicon ductor device of Claim 183. wherein the structu re comprises a 
source/drain diffusi on region. 

186. (new) A semiconductor de vice, comprising: 

a structure comprising at least two o verlving layers of epitaxiallv grow n silicon, each 
epitaxial laver having a top su rface, and s idewalls with an ove rlving layer of an insulative 
material, an uppermost epitaxial layer having a top surface with a n overlving layer of an 
insulative material: and the structure disposed on a substrate in a vertical o rientation. 

1 87. (new) The semiconductor de vice of Claim 1 86. comprising a transistor. 
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188. (new) The semiconductor device of Claim 187. wherein the structure comprises a 
transistor gate. 

189. (new) The semiconductor de vice of Claim 187. wherein the structure comprises a 
source/drain diffusion region, 

190. (new ) A semiconductor device, comprising: 

a structure comp rising at least two overlying layers of epitaxiallv grown silicon, each 
epitaxial layer having a top surface, and sidewalls with an overlying layer of an insulative 
material: an up permo st e pitaxial layer hav ing a to p surface with an overlying layer of an 
insulative material; o ne or more of the epitaxial layers comprisi ng a conductivity enhancing 
dopant: and the structure disposed on a substrate in a vertical orientation. 

191. (new) The semiconductor device of Claim 190. comprising a transistor. 

192. (new) The semico nductor devi ce of Claim 191. wherein the structure comprises a 
transistor gate. 

193. (new) The semiconductor device of Claim 191. wherein the structure comprises a 
source/drain diffusion region. 
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